Detection technologies for the UV and visible range are well established, but many are limited by either performance or size, weight, and power. The ubiquitous silicon-based photodiodes are cheap and reliable but suffer in UV applications, while photomultiplier tubes offer high performance but can be unreliable and power hungry. To solve these issues we developed a novel morphology and device architecture using gallium nitride as the functional material. Here, we outline our efforts to develop high-efficiency nitride optoelectronic devices, the properties of which are particularly dependent on morphology.
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To develop these systems, we considered recent improvements in commercial LED structures, which enable high efficiencies in light extraction by controlling internal photon reflection and scattering dynamics. For nitride-based LEDs, if the active area is formed on a cystallographic plane other than the conventional polar c-plane, we can achieve improved carrier (electron and hole) dynamics associated with reduced internal electric fields. By extension, PIN diode-based detectors that exploit such morphologically tuned properties can have much higher detection efficiencies than planar devices. In conventional planar diodes, the active area (the depletion region) is coincident with the substrate surface, while in radial diodes the depletion region is orthogonal to the surface. With respect to photon absorption, the active regions of planar and radial diodes are, respectively, perpendicular and parallel to incoming photons (see Figure 1 ). Full realization of such 3D PIN diode detectors could enable a viable solid-state replacement for the costly, bulky, and power-hungry photomultiplier tubes used in scintillator-based radiation detection applications. 
Figure 2. (a-f) Demonstration of morphological control of etched GaN pillars based on inductively coupled plasma etch temperature (T) and etch mask diameter (D). Scale bars in each case are 2 m.
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Figure 3. Demonstration of non-polar and semi-polar sidewall facets for GaN shells grown on a template of n-type GaN pillars using hydride vapor phase epitaxy (HVPE) and metallorganic chemical vapor deposition (MOCVD).
Previously 1 our team demonstrated processes for creating vertical gallium nitride (GaN) pillars based on low-cost GaNon-silicon epitaxy (deposition of crystalline layers upon substrates). It is possible to accurately control the morphologies of these structures by varying the parameters for inductively coupled plasma (ICP) etching (see Figure 2) . The resultant structures have unique optical characteristics and can be used as nanostructured optical cavities. Furthermore, when we use these n-type GaN pillars as a template for epitaxial growth of p-type GaN shells, we can achieve significantly improved optical and structural properties. 2 We can further control characteristics of the novel core-shell structure using different growth methodologies: hydride vapor phase epitaxy and metallorganic chemical vapor deposition. Figure 3 reveals the effect of epitaxial growth conditions and methods on the resultant shell morphology, where variations in sidewall inclination represent the range of achievable polarities.
Realizing the promise of 3D structured detectors requires careful consideration of morphologically derived device characteristics. Using this work as the underpinning of future developments in vertically oriented core-shell diodes will enable significant improvements in the operational characteristics of scintillator-based radiation detectors.
By developing a growth process for non-polar and semi-polar GaN facets, PIN diodes fabricated using this template will benefit from reduced defect densities, enhanced ionization coefficients, and lower voltage operations. 3 Future work will include transitioning large-area radial GaN PIN structures into detector arrays.
